NMR and mutagenesis studies on the phosphorylation region of human cardiac troponin I.
Phosphorylation of the cardiac troponin complex by PKA at S22 and S23 of troponin I (TnI) accelerates Ca(2+) release from troponin C (TnC). The region of TnI around the bisphosphorylation site binds to, and stabilizes, the Ca(2+) bound N-terminal domain of TnC. Phosphorylation interferes with this interaction between TnI and TnC resulting in weaker Ca(2+) binding. In this study, we used (1)H-(15)N-HSQC NMR to investigate at the atomic level the interaction between an N-terminal fragment of TnI consisting of residues 1-64 of TnI (I1-64) and TnC. We produced several mutants of I1-64, TnI, and TnC to test the contribution of certain residues to the transmission of the phosphorylation signal in both NMR experiments and functional assays. We also investigated how phosphorylation of the PKC sites in I1-64 (S41 and S43) affects the interaction of I1-64 with TnC. We found that phosphorylation of S22 and S23 produced only localized effects in the structure of I1-64 between residues 24 and 34. Residues 1-17 of I1-64 did not bind to TnC, and residues 38-64 bound tightly to the C-terminal domain of TnC regardless of phosphorylation. Residues 22-34 bound weakly to TnC in a phosphorylation sensitive manner. Bisphosphorylation prevented this phosphorylation switch region from interacting with TnC. Systematic mutation of residues in the phosphorylation switch did not prevent PKA phosphorylation from accelerating Ca(2+) release from troponin. We conclude that the phosphorylation switch binds to TnC via an extended interaction site spanning residues R19 to A34.